The abundance of rare earth elements in marine organisms has organisms is toward concentrating in the bone structure.
INTRODUCTION
In connection with the disposal of radioactive wastes, which are accumulating more and more rapidly with the development of atomic energy, consideration is being given to proposals for dumping into the seas.
If any of these are to be permitted, however, certain oceanographic problems must be resolved. Important among these are the parts played by the marine organisms in concentrating and diffusing radio activities in the ocean.
The objective of this report is to present new measurements, carried out with the aid of activation analysis, of rare earth elements in marine organisms ; in parti cular (a) their abundance and distribution in the organisms, and (b) the relative concentration of the rare earth elements in marine organisms and in the sea water in which they have lived.
Rare earth elements in sea water are of special interest for the following reasons :
a) The natural concentration of the rare earth elements in the sea is very small, and because of this and also because they cannot easily be separated one from another, the analysis of rare earth elements in sea water and in marine organisms has been sadly neglected. Therefore, knowledge of the distribution and role played by rare earth elements in marine organisms is quite limited. (5) detected Ce141 and Ce144-Pr144 in sediment and biota that they had collected from the surf zone in the eastern Pacific.
ACTIVATION

ANALYSIS OF RARE EARTH ELEMENTS IN MARINE ORGANISMS
The mutual separation method for rare earth elements has made great advances since 1949, when it was first used by E. R. Tompkins et al. (6) in connection with ion-exchange resins.
In 1953 W. A. Brooksbank (7) activated animal bone, using the mutual separation method for rare earth elements and also using ion-exchange resins. However, these early methods required very long periods for elution and failed to produce perfect separations of rare earths ; the development of a more adequate method was left to be desired.
In 1955, J. V. Jakovlev (8) made interesting novation : he activated such metals of high purity as the graphite, Be, Bi, Pb, etc. in a reactor ; however, he did not make a mutual separation of the rare earth elements, but rather he separated the rare earth elements by means of a carrier.
After purification, he carried out beta counting, and finally he analyzed the decay curve and computed concentrations for Er152 and Sm153
ANALYTICAL APPROACH
In analyzing the rare earth elements in marine organisms, the present author soon found that he could not produce satisfactory activation of the long-lived rare earth elements with exposure conditions then available at the Japanese Research Reactor No. 1 (JRR-1).
Therefore, the present author found it preferable to separate the rare earth elements by a carrier form the radioactive sample en bloc, then to measure the beta or gamma ray activities, and also the energy and half-life, and from these derive the content of rare earth elements.
In order to understand why it was preferable to analyze by means of study of their activities, energy, and half-life, instead of by use of mutual separation, one must examine the irradiation conditions.
The exposure available at the JRR-1 on this experiment was during periods of 5 hours per day and for 3 days per week. The neutron flux was n x 1011 neutron/cm2/sec.
Because of the reactor requirements, the following two procedures were chosen :
(a) 2-Hour continuous irradiation : Here the primary aim was to detect the short lived nuclides (whose half-lives are within several hours). (b) Daily 5-hour intermittent irradiation for 3 days : Here the primary aim was to detect the nuclides whose half-lives are scores of hours. If it is assumed that the distribution of the rare earth elements within the marine organism is predicted by the existence ratio found in the lithosphere, the mutual ratio of the radioactivities caused under the above irradiation conditions Under these circumstances, such measurement factors as the mutual counting efficiency of the nuclides , etc., need not be taken into account.
It will be seen in these figures that : in case of irradiation procedure (a), the short-lived nuclides such as Dy165 , etc., may be best investigated by counting the radioactivity within approximately 5 hours after the termination of the irradiation (and by determining also the energy and half-life) . On the other hand, exposure in case of procedure (b) allows the concentrations of Eu152, La145, Ho166, Pr142, SC46, yso, etc., to be measured when counting is done and the energy and half-lives are measured beginning about 24 hours after the end of the irradiation.
METHOD OF SAMPLING AND ANALYSIS
The marine organisms that were used were fishes, sea-weeds and shellfishes. The fish was divided into functional parts such as represented by the skin, scale tissue, and that of muscle, liver, digestive tract, etc.
For large fishes, such as Katsruwonus Pelamis, all of the samples were made from one fish ; for the small fishes, such as Sebastes schlegeli, each assay sample required contribution from several individuals.
Wet weights were measured immediately ; the samples were then dried at 90°C, weighed again, carbonized in an evaporating dish, incinerated in a muffle furnace at 600-700°C, and weighed still again.
Samples having the ash content of 0.01-0.5 g were taken for irradiation.
After the irradiation, the carrier, La2O3i 30 mg, was added to the sample.
After the concentrated HCl and HNO3 were then added, 2 and 4 ml respectively, the sample was heated and dissolved.
Sodium hydroxide solution was then added to make a precipitate of hydroxide, and this was centrifugally separated. The precipitate was dissolved with 6 N HC1 2 ml, diluted with distilled water to approximately 40 ml and treated with HF, 3 ml, to make a precipitate of fluoride, and this was centrifugally separated. Saturated H3BO3 solution and conc. HNO3, each in 2 ml amounts, were added to the fluoride, which was then heated and dissolved.
This solution was treated to make a precipitate of hydroxide, which was centri fuged. This hydroxide was dissolved with 6 N HC1, diluted by distilled water to 0.3 N and additively given oxalic acid added to make the oxalate.
This oxalate was centrifuged, dried and burnt to make the oxide, which was again dissolved with 6 N HC1. The NH4OH was added to this solution to make the hydroxide.
Making the fluoride, hydroxide and the oxalate as mentioned above, the purification process was repeated.
Finally, the oxide was used as the radiation measurement sample. In case of beta counting, this oxide was put into a stainless-steel dish.
In case of gamma counting, this oxide was put into a polyethylene bottle for the radiation measurement.
For the standard sample, a solution of 1 ml, containing 1 x 10-6 to 1 x 10-7 g of rare earth element was leached in filter paper of 3 cm diameter, dried, enclosed in a vynil bag, and exposed to the radiation simultaneously with the ash sample of marine organisms and under the same conditions.
In case of beta counting ; to the standard filter paper was added conc. HCl ; and it was additionally given the La2O3 of 30 mg, heated, dissolved, and diluted to make the oxalate, which then was converted into the oxide.
The radioactivity of the oxide was measured under the same condition as that of the marine organism sample.
On the other hand, the irradiated filter paper was put directly into the polyethylene bottle to measure the gamma energy. 
RESULTS OF ANALYSES
After the irradiation, the sample were left alone for 3-4 hours, and then were chemically treated, so as to prevent the Th from being mixed in when the rare earth elements were separated.
Being affected by the irradiation of the thermal neutrons, the Th causes the following reaction :
Th232 (n, r) Th 233 Pa 233. 23.3 min Therefore, the treatment was conducted after the Th233 had disintegrated into the Pa233. The procedure for the treated samples was varied for specific purposes as follows :
(a) When such chiefly short-lived nuclides, as the Dy'65, were measured, they were irradiated for 1-2 hours and then chemically treated 3-4 hours after the irradiation. Immediately after that, the gamma spectrum was measu red and plotted. An example is given in Fig. 3 For the gamma spectrum, the specific energy activity was measured ; and then the qualitative and quan titative analyses were carried out by the measurement and analysis of the decay curve. The measurement of the beta activity and the analysis of the decay curve are shown in Figs. 6 and 7 . Tables 2 and 3 show the results of measurements in marine organisms obtained by the above methods. For La in the fish, Table 4 shows that the bone, scales, shell, gill and dorsal fins contain large quantities of La (10-5-10-7g/ g of wet).
The internal organs, such as the stomach, heart, intestines, etc., have somewhat less (10-8 g/g of wet).
The muscle tissues show the small est value (10-9 g/g of wet). On the other hand, Table 5 shows that the Dy value is within 10-10-10-11 g/g of wet. (skin) Assumed ash/wet equal 0.1 or 0.01, because the wet weight was not measured. kK Mean value of two or more values of the samples . Assumed ash/wet = 0.1 or 0.01, because the wet weight was not measured. Table   4 .
Content of Lanthanum in Marine Organisms
Assumed ash/wet = 0.1 or 0.01, because the wet weight was not measured.
Mean value of two or more values of the samples. made a mutual separation of rare earth elements, by using ion-exchange resins. Table   6 demonstrates that the Harkins' Law is not necessarily applicable to organisms. What is worthy of notice, too, is that in this table the biosphere differs from the lithosphere in the manner of distribution of the light and heavy rare earth elements.
In the lithosphere, the abundance of light rare earth elements is greater than that of heavy rare earth elements, but the measurements of Brooksbank and Leddicotte
show that the heavy rare earth elements are the more abundant ones. (9) investigated the metabolism of rare earth elements in rats (female Sprague-Dawtey), using radio active rare earth elements.
He administered doses of citrate complex of the rare earth elements of high radioactivity, and also injected this into the rats to confirm the behavior within the body. During the primary stage of his experiment, the light rare earth elements (La-Sm) accumulated in the liver (50%) and in the bone (25%). They are excreted rapidly from the liver in the form of feces (1/2 in approximately 15 days), and they are excreted from the bone in two months after the injection (2/3 remain in the bone).
Thereafter, little is excreted. The light rare earth elements are little accumulated in the soft structure except in the liver, while the heavy earth elements (Tb-Lu) are mostly accumulated in the bone (50-60%) and are little excreted therefrom.
Some heavy rare earth elements are accumulated in the kidney and then excreted in the urine.
The intermediate rare earth elements such as the Eu, Gd, etc., are also accumulated in the liver and bone at the rate of 30 and 40% respectively and are excreted in the feces and urine. It appears that rare earth elements form in the organism various complex com pounds whose behavior may be considerably complicated.
It is conceivable, therefore, that the behavior of the rare earth elements in the organisms is not necessarily the same as that in the lithosphere.
It may be that the abundance of the heavy rare earth elements in the biosphere is greater than the abundance of the light rare earth elements as is indicated by Brooksbank's values.
But there still remains the question of whether or not his results obey Harkins' Law.
From this viewpoint, therefore would appear of importance for the study of the mutual distribution of various rare earth elements in the marine organisms to con tinue.
It can be concluded, however, that there appears to be a general trend in marine organisms toward the concentration of rare earth elements in the hard struc tures.
Concentration ratios for the metallic elements in sea water by marine organisms were calculated by W. and I. Noddack (1939) (10) , who compared the ratios of the metallic elements in sea water and in various marine organisms.
Later, along with the advancement of microanalytical techniques, more of the concentration factors have come to be reported.
However, reports on the concentrations of rare earths in marine organisms have not yet been reported.
Therefore, the author has computed the concentration ratio of the lanthanum in several marine organisms from his own measurements of concentrations in organisms, and under the assumption that the lanthanum concentration in sea water was 3 x 10-10 g/g, or that reported by Gold schmidt for sea water (11) .
These results are summarized in Table 8 . Assumed ash/wet = 0.1 or 0.01, because the wet weight was not measured. '~ Mean value of two or more values of the samples .
In the disposal of radioactive wastes in the sea the ability of marine organisms in concentrating these substances must be considered. 
ACKNOWLEDGMENTS
